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Tha invention ralafcaa to • racoabinant tranafar 
vactor for Introducing a DMA aaquanca ancoding a 
racoabinant protain into an adanovirua ganoaa. Tha 
tranafar vactor incluuaa an axpraeaion caaaatta coapriaing 
■•quantially a transcription proaotar, a high afficiancy 
laader, at laaat ona splicing aignal, an anhancar-lilca 
saquanca, a cloning aita and a plurality of 
polyadsnylation aitaa. 
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Hpn.w or m imvektioH 

High level recombinant protein production using 
conditional helper-free edenovlrus vsctor. 

IIIM OF TBI XMYKTifiM 

The invantion ralataa to adenovirus transfer 
vectors, particularly to transfer vectors allowing for the 
production of high levels of recombinant proteine. 
BfttritlBffffffP AT rwnntion 

Biological production of proteine through 
recombinant DMA technology hae been one of the leading 
aspects in biotechnology research over the last decade. 
To achieve economically viable levels of expression while 
still obtaining a biologically active protein, both 
eukaryotic and prokaryotic systems have been studied. 

Ever eince Cohen and Boyer first Introduced 
foreign genes into bacterial strains by transformation, 
considerable emphasis has been placed on the use of 
bacterial systems for the expression of forsign proteins. 
Ths bacterial host of choics for the expression of 
heterologous genes has for a long tima been E, coll for 
both practical and economical considerations. However, 
the insertion of cloned DHA sequences into an expression 
unit does not guarantee efficient gene expression when the 
expression unit Is lntroducsd Into the bacterial host 
cell. 

Hence, despite the versatility and efflcaclty of 
Its sxpresslon vectors, with levels of expression in the 
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rang, of 20 to 501 of total cellular proteine, K. coil 
suffers several limitation* for the expreesion of 
different categories of heterologous proteins especially 
thoaa that undergo complex poat-translatlonal 
S aodificatlone auch aa aany viral and mammalian protaina. 
Thoaa limitationa lncluda inappropriata or lack of poat- 
tranalational aodif icationa, incorract folding, 
protaolytic degradation, lnafficiant aacration and, 
racantly reported, aaino acid aloincorpocatlon. 
10 Bacauaa of tha limitationa daacribad abova for 

B. coll axpraaaion ayataaa, afforta hava baan diractad 
towarda tha davalopaant of aora aophiaticatad axpraaaion 
ayataaa including othar procaryotaa, lowar aucaryotaa auch 
aa yaaat and highar aucaryotaa auch aa aaaaalian and 
15 inaact cella. rroa tha raviaw of tha aaaringly vaat 
literatura roporta on tha axpraaaion of racombinant 
protaina appears to emarga tha incraaaingly accepted 
notion that there ia no "univeraal expreaaion ayatem". 
The current trenda in tha field ia to tailor the 
20 development of expreaaion ayataaa to fit the apecific 
expression needs. It is in that perspective that insect 
virus vectors and adenovirua vectora have been initially 
developed, mainly to exploit their respective capacity to 
express recombinant proteins in insect and human cells. 
25 Baculoviruses and entomopoxviruses are widely 

known insect viruses that have been isolated from a large 
number of insect species in widespread geographical 
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locations. In recent year*, baculovlrua and poxvirus 
vactors hava achiavad widaapraad accaptanca for thair 
ability to axpraas protaina or agricultural and padical 
importance. Por example, a baculovirua vactor was uaad 
S to axpraas tha firat recombinant HIV anvalop protaina to 
receive TDK approval for clinical avaluation as a 
Candida ta vaccina fur AIDS. 

Poxvirus reaaarch, and more particularly tha usa 
of vaccinia virua, a prototypic member of tha group of 

10 poxvlruaee, has lad to aukaryotic cloning and axprassion 
of voctora uaaful in varioua biological and medical 
applications. In 1982, Panicali and Paolotti raportad in 
Proc. Natl. Acad. Sci., Vol. 1979, pp. 4927-4931 (August 
1982) that andoganoua aubgenomic elements could be 

15 inaartad into infection* progeny vaccinia virus via 
recombination in vivo. Thia ability to integrate vaccinia 
virus DNA sequences into infectious vaccinia virua progeny 
auggested the possibility for inssrtion of foreign genetic 
elements into infectious vaccinia virus via similar 

20 protocols. In order to test their assumption, Panicali 
and Paoletti Inserted the herpes virus tymidine kinase 
(TK) gene into a number of vaccinia virus preparationa and 
obtained pure culturea of recombinant vaccinia virua 
expressing the herpea virus gene. 

25 It was reported that vaccinia virua appear to 

have several advantagea over othar aukaryotic vectors. 
Moat noteworthy waa the fact that virus infectivity vaa 
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not impaired by insertion and expression of foreign gene 
in contrast to defective 8V40 and retrovirus vectors. 

The vaccinia virus has been successfully used as 
an expression vsctor through the insertion of foreign 
5 genes into a non-essential region of the viral genome via 
homologous recombination. However, eome drawbacks have 
elso been aeeociated with the uee of this virus. The most 
difficult problem appeara to reside in ths fact that 
vaccinia expression vectors are not capable of producing 

10 abundant foreign proteins because of the absence of known 
strong promoters. 

Baculovirus vectors have also been used for the 
expression of foreign genes In insect cells. Indeed, in 
the case of baculovirus, two very strong and very late 

15 promoters are responsibls for ths expression of two 
extremely abundant proteins, polyhedrin and plO, which can 
together constitute as much as 50% of total cellular 
proteins in baculovirus-infected cells. 

Autographs eallfornlea nuclsopolyhedrosis virus 

20 (AcNPV) is the prototype virus of the family 
Barulovlrldaa . This virus has a wide host range and 
infects a large number of species of lepidopterum insects. 
During AcNPV infection, two forms of viral progeny are 
produced . 

25 The first form consists of extracellular virus 

particles (ECV) that are responsible for dissemination of 
the virua within the infected host by sithsr endocytosis 
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or fusion. The second fora of viral proqnny is an 
occluded virua particta (OV) . Thaaa OV particlaa ara 
Imbedded in protainatioua viral occlusion*. The aajor 
atructural protain foraing tha occluaion aatrix is a 
5 polyhsdrin protsin having a aolacular weight of 29,000 
da 1 tons. 

Thaaa viral occlusions ara an laportant part of 
tha natural virus lifs eye la, providing tha aaana for 
transaission of tha virus from ono hoat to anothar. Thay 

10 provida tha virions, a dagraa of protaction against 
axtarnal anvironaantal factora that would otherwise 
rapidly inactivsts ths axtracallular virus psrticlss. Tha 
occlusions dissolvs in tha alkaline anvironaant of tha 
inaaet gut, ralaaaing tha virua that invadaa and 

IS raplicataa xn tha calla of tha aid-gut tiaaua. 

AcNPV possesses several properties that sake 
this virus ideally suited as an sxprsssion vsctor for 
cloned eukaryotic genea. Since occlusion of ths virus is 
not absolutely essential for viral growth, ths polyhsdrin 

20 gene provides a non-essential region for the AcNPV genome 
in which foreign DNA say be lneerted. Placing foreign 
genea of interest under the control of either the 
pol/hedrin of the pio promoter have led in the best cases 
to production of recombinant proteins at 20-25% of total 

25 cellular proteins. Tha rapid construction of efficient 
transfer vectors has also been fecilitated by the 
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relatively low complexity of gene regulation in tha 
expreaalon of tha polyhedrin and plO baculovirue genee. 

Using tha propartiaa of AcHPV, a wide variety of 
eukaryotic and prokaryotie ganea have bean expressed 
5 euecessfully with baculovirue vectors in insect cells. 

However, expression levels for diffsrsnt genes 
inserted into the ease vector are often different and are 
related to the length and nature of the leeder eeguence 
proceeding the foreign gene. Even in the beet available 

10 vectors, there is come variability in expreaaion levels 
depending on factors such as the naturs of ths gsns and 
tha protein sxprsssed. 

Furthermore, careful characterization of 
numerous recombinant proteins hss pointed to boss problems 

15 in post-translational sodif icatlona in inssct cells, euch 
ss impaired glycosylatlon, incomplete proteolytic cleavage 
of poly protein precursors, and inefficient secretion. 
Thia would appear to preclude the utilization of this 
expression system for the production of numerous complex 

20 mammalian protelne. In this rsgard, other altarnatlvee 
better euited for the expreeeion of mammalian protelne, 
such aa adanovirue vectors, were alao developed. 

Adenoviruses (Ad) have first been Isolated over 
three decades ago. Since then, many efforta have been 

25 invested into defining their biological propertiea. The 
intimate association that these virusss have with their 
host during infection has potsntiated their value as tools 



for explorinq the aechanleae of aacroeolecular 
biosyntha«ia in aaaaallan calls. 

Th« teaporal pattern of adanovlrua infaction of 
huean calla ia qenerally deaarcatad into two phaaaa of 
axprasaion, aarly and lata, which ara separated by tha 
onaat of raplicatlon aftar about ■ houra. Early in 
infection, at laaat 7 proeotere are act.ve, qenerattnq 
tranacripta froa early reqlone 1-4. Over 30 aeee.qera 
corraapondinq to the early raqione hava baan idantifiad by 
RMA analyela and/or cDNA cloninq. 

in contrast, the high levele of expreaeion of 
tha abundant viral late proteina are the reault of tha 
atrcnq tranacriptional activity of one proaoter, the aajor 
lata proaoter (MLP) which ia reaponaibla for the 
production of aoae twenty late proteins encodad by an 
aquivalant number of aRHA's. Thaae mWlA'a are all darlvad 
froa ona vary lonq priaary tranacript by aaturation 
proceaaea involvinq differential apliclng and 
polyadenylation aventa. Amonq thoaa late proteins, three 
atructural proteina, namely haxon (15-20% of total 
cellular proteins), fiber (8-10%), and penton (2-4%), and 
one non-atructurul protein naaad 100K (5-10%), conatltuta 
collectively aa auch aa 15% of total cellular proteina in 
Ad-lnf acted calla, whereaa tha reaalnlnq alnor lata 
proteina would conatltuta aoae 5%. riqure 1 ahowa an 
autoradloqram of tha lata atructural proteina 
aatabolically labelled with S 35 methloneln from adenovlrua 
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infected 293 calls. The AdPyR39 recombinant was produced 
following tha dascriptlon providsd by Nassla at al. in 
1986, Molacular and Callular Biology, Vol. 6, No. 8, pp. 
2872-2883, hereby lncorporatod by rafaranca. Tha ralativa 
5 abundance of thasa lata viral protoins can fluctuate 
depending on infection conditions. However, little is 
known about tha mechanism which regulates this phenomenon. 
In any case, only a saall portion of the structural 
proteins which are synthesized in copioua amount, 20-30% 

10 of the hexon and 1-51 of panton and fiber respectively, 
are assembled into functional nuclaocapsids. Therefore, 
It was soon realized that appropriate manipulations of Ad 
genome could potentially result in tha construction of Ad 
rscombinants expressing foreign proteins at vary high 

15 levels. 

The first human adenovirus (Ad) vsctors have 
been developed in the early 1980' s. Thsss vsctors have 
been used to express a wide variety of viral and cellular 
genes (for a complete review, see Berkler (1988), 

20 Biotechniques, Vol. 6, Ho. 7, pp. 616-629, hereby 
incorporated by reference) . Currently, there are three 
potential commercial applications for Ad vectors, namely 
in 1) high level expression of heterologous proteins, 2) 
life viral sub-unit vaccines and 3) gene transfer vectors 

25 for establishing stable cell lines or gene therapy. 

Adenovirus vsctors appeared promising for 
expression of high lsvsls of protein, sines transcription 



from the major lata promoter was ao afflciant and high 
lavala of tranalation vara accoepaniad by hoat protain 
aynthaaia shut-off lata in lnfactlon, facilitating protain 
isolation, Furthermore, huaan adanoviruaaa can raplicata 
5 afflclantly to vary high titara (io 9 - 10 10 pfu/ml) in 
huaan calls as wall as othar mammalian calls and 
adanoviruaaa produca thair late protaina at lavala that 
raach 30 to 40% of total callular proteins. Finally, they 
can be propagated in auapenaion culturea thereby 
10 demonstrating a clear potential for large scale 
production. 

However, becauee of the complexity in the 
regulation of gene expression in adenoviruses, the 
development of their full potential as high level 

15 expreaaion vectors lagged behind baculovirua vectors. In 
fact, the majority of recombinant adenoviruses constructed 
thus far express only low to moderate levels of 
heterologous proteins. These levels are usually lower 
than the normal levels of adenovirua lata protaina. Only 

20 a hand-full of examples of adenovirua recombinants were 
ahown to expreaa lntereating levels of recombinant 
proteins when compared to aome of the abundant adenoviral 
late proteins. Examples include AdSVRll2 (Gluzman et al., 
1982, Eukaryotic Viral Vectors, Cold Spring Harbor 

25 Laboratory Press, N.y., pp. 187-192) which expresses the 
SV40T antigen at 3.8% of total cellul&r proteins (see 
Siaiania and Lane, 1985; see also Figure 1) and Ad5-RR2 HSV 



which expresses the KSV ribonucleotide reductase subunlt 
2 (H2) et 4.61 of total cellular protein (Lamarche et al., 
1990, Journal of Coneral Virology, 71, 1785-1792, hereby 
incorporated by reference) . 

Also described in the literature are adenovirus 
recombinant that appear to produce foreign proteins at 
levels which are somewhat between the level at which the 
100 K protein is produced and the level at which the fiber 
protein is produced, although no accurate quantitation was 
reported in those latter cases. However, it seems that 
none of these Ad recombinant succeeded in expressing their 
heterologous protein at a level equivalent to or higher 
than the level of hexon or fiber which are respectively 
the first and second most abundant proteins in Ad-infected 
cellB. 

A better understanding of the molecular 
mechanisms underlying the complex regulation of qene 
expression in adenoviruses is essential in order to 
construct transfer vectors which exploit the full 
potential for high level of expression of this system. 
One example among the best recombinant cistron assembled 
so far for high level of expression of foreign genes in 
adenovirus is represented in the transfer vector pAdBHl 
(Lamarche et al. supra), in this vector, the expression 
cassette includes sequentially: a translational promoter 
(MLP), a high efficiont translational leader (Ad2 
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tripartita leader) splicing signals, a cloning elte, and 
multiple polyadanylation aitaa. 

Leong at al. in (1990), Journal of Virology, 
Vol. «4, Ho. 1, pp. St-«0, raportad that aaquanca-apacif ic 
5 binding protaina ara inducad during tha lata phaaa of 
inf action of adenovirua typa 2 (Ad2). Thaaa protaina 
intaract with 3 regions in tha first intron of tha major 
lata promoter tranacription unit from poaitiona +37 to 
♦ 6i, +80 to +105 and +105 to +125 ralativa to tha 

10 tranacription initiation aita. To meaaure tha 

significance of thaaa binding aitaa on tranacription, tha 
binding sites vera dalatad and it was found that these 
dalationa cauaed significant raductiona in the rata of 
tranacription, specifically during the lata phaaa of 

15 infection. The authora concluded that tha reaulta 
indicated that the high rata of tranacription from the 
major late promoter during the late phaaa of Infection 
resulted from the interaction of virus-induced 
tranacription factore with 3 binding sites located in the 

20 intron between the f irat and tha second active portiona of 
tha tripartite leader. 

In a recent article entitled "Assembly of 
enhancers promoters and splice signals to control 
expression of transferred genes" (1990), Methods and 

25 Enzymology, Vol. 185, pp. 512-527), Kriegler indicated 
that the most critical variable in the design of chimeric 
expression cistrons is tha selection of an enhancer 
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element or elements for inclusion in the recombinant 
molecule, rirat identifiad in tha genomes of SV40 and 
murine retroviruses, anhancars ara daacribad by Kriegler 
aa baing tha most peculiar of all known expression 

5 aleaanta. Kriaglar aantiona that tha kay propartiaa that 
aaka an axpraaaion elaaant an anhancar includa 1) thay ara 
relatively large elenenta and may contain repeated 
sequences that can function independently, 2) they may act 
over considerable distances, up to several thousands base 

10 pairs, 3) they aay function in either orientation, 4) they 
aay function in a position independent manner and can be 
within or downstream of the transcribed region but can 
only function in cis (if several promoters lie near by, 
the enhancer may preferentially act on the closest) and 5) 

15 they may function in a cell type or tissue-specific 
manner. 

An analysis of the effects of the variation of 
position of the SV40 enhancer on the expression of 
multiple transcription units in a single plasmid revealed 

20 two types of position effects. One position effect is 
called promoter occlusion and results in reduced 
transcription at a downstream promoter if transcription is 
initiated at a nearby upstream promoter. This effect does 
not involve enhancer elements directly, even though the 

25 effect is most pronounced when the o^wnstream promoter 
lacks an enhancer element. The second effect stems from 
the ability of promoter sequences to reduce the effect of 
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a single enhancer element on othar promotera in tha same 

plaanid. 

Thua, according to Kriegler, tha SV40 tnhancer 
element ia a complex atructura whoaa function ia subject 

5 to some poaition affacta and whoaa call-type-apacif ic 
activation is. dependent, in part, on tha absence or 
praaanca of active cellular factors or proximal aaquancea. 

Another example given by Kriagler ia one of a 
viral enhancer deacribed in tha hapatitia B virus. This 

10 enhancer is located 3' to the hepatitia B virua surface 
antigen coding sequences but is contained within the 
mature viral transcripts. Authors have reported that the 
HBV enhancer can dramatically increase expression levels 
of genes controlled by the SV40 enhancer /promoter but only 

15 when the enhancer ia located within the transcribed region 
of the gene. Further, this effect appeara to be 
orientation dependent, a violation of enhancer rules. 
Hence, the conclusion drawn by Kriagler on enhancers 
appears to be that enhancera are highly varied and 

20 function in a variety of waya. It therefore seemed 
difficult to predict where or how a so-called enhancer 
aequence may be displaced in the genome of a recombinant 
adenovirus vector to enhance expression levels. 

The human Ad MLP is one of the strongest 

25 mammalian promoters known. Although active in the early 
phase of the infection, ita tranacriptional activity ia 
increase 30-50 fold during the late phase. It has been 
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shown that a number of cia-acting aaquencea ara aaaantial 

to contar tha full transcriptional activity to tha HLP 
(soa Hondtsert and Kedinger, 1991, Nuclaic Acids Research, 
vol. 39, No. 12, 3221-3229, horaby incorporated by 
5 rafaranca). These include an upstream element (UE) 
between -67 and -49 relative to the tranacriptional atart 
site, a TATA bos centered at -28, and an initiator element 
encompassing the tranecription atart site. In addition, 
some downatream element (DE) have been mapped and 

10 deeignated, Rl (+37 to +68), DEI (+85 to +96) or R2 (+80 
to +105), and 0E2 (+109 to +124) or R3 (+105 to +125) (see 
Figure 2). While the UE, the TATA box and the Rl 
downstream element have been shown to be important for 
basal transcriptional activity of the MLP both at early 

15 and lata times, the DB (DEI and DE2) would be essential 
for lata phase spscific activation. DEI and DE2 are 
functionaly redundant and probably bind to the same 
transcription factor (s). They may also interact 
synergistically with the UE by an unknown mechanism, to 

20 bring about their lata phase specific transcriptional 
activation. At this point, it is not clsar whether theae 
cia-acting sequences are ■ enhancer- 1 ike ■ or downatream 
promoter elements and whether enhanced expression could be 
obtained by inserting them in e transfer vector. These 

25 sequences are missing in all of the MLP currently used in 
Ad transfer vectors described so far. Thia appears to 
explain in part the limited success obtained with the 



-15- 



2053187 



reported Ad recombinants . In any event, the inherent 
difficulty in properly evaluating the position at which 
enhancer-like or downstream promoter elements could be 
inserted to enhance expression still remains to be solved. 
UlBaai o* *»» mvmrrioM 

In accordance with the present invention, there 
is provided an adenovirus recombinant transfsr vector to 
be ueed in the production of high levels of heterologous 
proteins in host cells. The high levels of expreesion are 
obtained through the use of at least one enhancer 
sequence, optionally conjugated to other enhancer 
sequences placed at specific regions on the adenovirus 
vector. Thus, the present invention relates to a 
recombinant transfer vector capable of introducing a DMA 
sequence encoding a recombinant protein Into an adenovirus 
genome. The transfer vector Includes an sxpression 
cassette comprising a cloning vehicle having a DMA 
sequence comprising sequentially a transcription promoter, 
a high efficiency leader, at least one splicing signal, an 
enhancer-like sequence, a cloning site and a plurality of 
polyadenylation sites. The enhancer-like sequence Is to 
be located between the high efficiency leader and the 
cloning site where the foreign gene is to be incorporated. 
Preferably, the enhancer-like sequence corresponds to the 
+30 to +130 AD2MLP sequence described in 1990, Journal of 
Virology, Vol. 64, Mo. 1, pp. 51-60, the contents of which 
is hereby incorporated by reference. In another preferred 
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aapect of the preeent Invention, tha adanovlrua vector aay 
alao Include another enhancer-like aequence to ba locatad 
immediately upatraam from tha tranaeription proaotar. 

Tha invention alao ralataa to a racoabinant 
adanovlrua axpraaaion vactor capabla of axpreesing a DMA 
aaquanca encoding a racoabinant protoin in aaaaalian 
cells, prafarably in huaan calla. Tha axpraaaion vactor 
ia an adanovlrua genome comprising a DNA aaquanca encoding 
a racoabinant protaln and . a DMA aaquanca coapriaing 
aaquentially a tranaeription proaotar, a high efficiency 
leader, at laaat ona aplicing aignal, an enhancer -like 
aaquanca, a cloning aita and a plurality of 
polyadenylation sites. 

Also within tha acopa of tha present invention 
Is a method for producing a racoabinant adenovirus 
expression vector posessing the ability to express a DMA 
sequence encoding a racoabinant protein in aaaaalian 
calla. The method coaprieea cleaving adenovirus DMA to 
produce a DNA fragment coapriaing sequentially a 
transcription prouoter, a high efficiency leader, at least 
one splicing signal, an enhancer-like aequence, a cloning 
site and one or a plurality of polyadenylation aites; 
preparing a recombinant tranafar vactor by inserting the 
DMA fragment into a cloning vehicle and thereafter 
inaerting at leaat one DMA aequence encoding a recombinant 
protein into the thus modified cloning vehicle auch that 
tha DMA aequence encoding the heterologoua protein ia 
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undar the control of the tranecription promoter; 
contacting th. recombinant tranaf ar vactor with adanoviru. 
DNA through homologou. recombination* and iaolatlng and 
racovaring tha d.airad recombinant adenovirus axpr.aaion 
vactor. 

Alao within tha .cop. of th. pr.a.nt invention 
i. . ..thod for aynthaai.ing a recombinant protain which 
compriea. infecting mammalian boat call, with a 
recombinant adanovirua axpraaaion vactor wherein tha 
•xpraaaion vector ia an adanoviru. genome comprieing a DNA 
..quenc. encoding a recombinant protein and a DNA aequence 
comprieing aeguentially a tranacription promoter, a high 
efficiency leader, at leaat one aplicing eignal, an 
anhancar-like .equence. a cloning .if and a plurality of 
polyadenylation .it..; growing th. mammalian hoat calla 
and recovering the deaired product. 

With the construction of the adanoviru. 
expression transfer vector of the present Invention, 
unprecedented levels of recombinant gene expression have 
been achieved in preferred hoat cells .uch aa human and 
mammalian cells. More preferably, human 293 cella 
infected with helper-free adanovirua recombinants 
generated with the best mode of the tranaf er vector of the 
present invention have produced recombinant proteina that 
represent the most abundant polypeptide in the cell, even 
exceeding the level of the moat abundant viral late 
protein, the hexon. 
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With the tran.f.r v.ctor of the pre..nt 
inv.ntion, commercial production of recombinant prot.in. 
fro- ho.t coll- infoctod with recombinant pla.mid. 
g.n.r.t.d from thi. tran.fr vctor i. r.ndarod poa.ibla. 
on. major factor for tho .conomical production of 
recombinant prot.in. in th. ad.noviru. .y.t.m li«« in th. 
possibility to produce recombinant protein, in .u.p.n.ion 
cultur... For .xample, th. human 293, human K582 and th. 
H.l. c.11 Una. or derivative, th.r.of bearing th. 
.d.noviru. El r.gion which hava b..n adapt.d to grow a. 
suspension, can b. u..d pr.fr.ntially. High l.v.l. of 
•xpr...ion can al.o b. .chi.v.d in oth.r typ.. of 
mammalian anc human c.11., but it i. to b. not. that th. 
u«. of h.lp.r. may in som. in.tanc. b. n.c.a.ary. in 
ord.r to achiav. th... .xc.ptional and .conomical viabl. 
l.v.l. of .xpr.s.ion, it a PP .ar. that th. pcition in th. 
tranafar v.ctor of th. .nhancr-lik. ..quence, preferably 
th. Ad2MLT .nhancr-lik. .equ.nc r.f.rr.d to pr.viou.ly 
i. critical. The present invention will be more readily 
illustrated by referring to the following description. 

TW TUB DHAWIMQ8 

Tlg . X Pft1 n r iv a mutation Of PrPt f lln ffYnfhmTlft i n 293 

f1t11 P inf^di try Y*r «fnoTlrw rmroinblnflntg. 293 

cell, were infected with Ad5*El/dl309, Ad5pYR39 or 
AdSVR112. At 20 h after infection, they were labeled for 
2 h with t 35 ] methionine. Total protein. were extracted, 
resolved by SDS-PACE electrophoresi. (10%), andrevealed by 
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autoradiography. Th. poaition of th. Ad abundant lata 
protaina, hexon, 100K, panton and fibar a. wall 
racoabinant 8V40 l.rg. T antigen, ar. indicated, 
rig. a 

L.nf>miil locatlfl 
l ft! toinfl in M tren.far Victor . (Saa taxt 



for dataila). Th. diagraa. ar. not drawn to acala. 
Symbol.: (88) -pUcin, aignal, (tpl) tripartita laad.r, 
(pA) polyadeny* ation aignal. 
9 i 9 , a prftrtvf?*- |Qn nf rjfipjftlnaPj; Ad. 

^oL. A. illuatratad on th. di.gr.aa, pAdBMS wa. 
d.riv.d fro. pAdBMl by auccaaaiv cloning of BKV anhancr 
.l.,.nt. at Bgl II .if a nuclaotida. 380 and 2590, and Ad2 
Ml* anhancer-lika al—nt at Bbl II ait. nucl.otid. 2010 
on pAdSKl aap. All of th. g.n.tic al—nt. pra.ant in 
PAdBMl h-v. baan d.acribad in dataila in Laaarch. at .1. 
aupra. Th. inn.r nuabar on th. vactor r.f.r to poaition 
»ap unita <«.u.) on AdS ganoaa (for ayabola, aaa lagand, 
rig . 2). Briefly. P ML2 1. tha E. coli raplicon, th. 
..g».nt. with daehed Una. (0-1, and 9.4-15.5 a.u.) 
bracketing the expreeaion ca.aatta (between 1.0 and 9.4 
«.u.,, are Ad5 eubg.nomic portion, involved homologoua 
reco.bin.tion to g.n.r.t. Ad r.co.bin.nt .. -hown in Fig. 
3 and in Ad replication. 
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F4g< f p .uhv. mienHta Hon of HSV Rl an 
h T ip«r-fr tit bii r «qftff htw * ntB flicixia 1 fro» i 

t rf"-^ v^tor. . 293 c.ll. were infected with Ad5- 
*B1/*B3, indicated in panele * and B. Mock 293 are non- 
infected 293 cella. At 48 h after infection, total call 
extracts vara praparad and protaina were raaolvad by 8% 
SDS-PAGB (panal A) or 10% 808-PAGE (panal B) . Tha 
raaolvad protaina wara datactad by ataining with Cooaaeeie 
blua. Molacular weight aarkera are ahown on tha laft in 
panal A and on tha right in panal B. Tha poaition of tha 
abundant lata protaina, hexon, 100K, f ibar aa wall aa tha 
recoabinant Rl and R2, ara indicatad. 
nrfMLiD paaeniPTlQ lf w mm IWVEKTIOB 

Tha invantion ralataa to an adanovirua tranafar 
vactor uaeful in achiaving production of high lavala of 
recoabinant protaina in aaaaalian calla. Tha axpraaaion 
caaaatta of tha tranafar vactor of tha present invention 
includes a fragment which coapriaea aequentially a 
transcriptional promoter, a high efficiency leader, at 
least one splicing signal, a firat enhancer-like aequence, 
a cloning site, and a plurality of polyadenylation aitea. 
Preferably, the sequence alao coapriaea a second enhancer- 
like sequence upstreaa free tha tranacriptional proaoter 
and two 5' donor aitea located upatreaa of the MLP 
enhancer-like aequence and one 3' acceptor aita located 
iaaediately downstreaa. The presence of the second 
enhancer-like sequence appeare to be optional aa aarginal 



.nh.nc.nt In .xpr...lon 1. obtnliwd «h.n It in P r...nt 

in th. vctor without th. fir.t -dancing- Ilk. ..qu.nc.. 

Pr.f.r.bly. th. tr.n.f.r vctor of th. pr...nt 
invntion !.<*. th. » codin, r„l.n which i. Xnown to b. 
dl.p.n.ibl. for growth of th. vlru. in o.li cultur.. .. 
„. u .. th. El coding r.,l=n -hlch .nood.. profln. 
....ntl.l for th. .etlv.tlon of .d.novlr«. pro*»t.r.. fh. 
low of th. El r.glon in th. vctor 1. ccpl—nt- by .n 
.pproprl.t. ..».U.n «U — » »» " lU " hiCh 

con.tltutiv.ly «pr... th. El profin fro. .n int.,r.t.d 
El (pr.f.r.bly »d5El) coding vglon. Th... d.i.tlon. 
.llo. for th. in..rtlon of up to . 7-. hb of for.l,n D»» 
,„«r.tln, conditions h.lp«-tr.. .d.novlru. vctor. 
Ad.novlru. v.=tor. .r. pr.f.r.bly .«lt.d tm th. 
.xpr...ion of r.oonbln.nt wU- profln., p.rtlcul.rly 
but not .xdu.iv.ly of tan" origin. 

B.lp.r-fr.. .dwoviru. r.conbin.nf ,.n.r.t.d 
with th. tr.n.f« v.ctor of th. pr...nt lnvntlon .r. 
chcn to infct ho.t ell. in .n .ppropri.t. «di».. 
Pr.f.r.bly, th. cultur. ho.t ell i. . M«™U.n ho.t o.U 
.nd nor. pr.f.r.bly, . hu..n c.11 of th. typ. d..crlb.d 
above. 

A»ong the transcriptional proi.ot.ra that may be 
u.ed to prepare th. tran.fr vctor of th. pre.-nt 
invention, atrong viral prcot.r. ar. pr.f.rr.d becaua. of 
their efficiency in directing tranacription. However, 
other tranacriptional pro»ot.r. .uch a. th. »oua. 
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„t.llothion.in c-f-ll «" 51,40 Ut * Pr °" 0t * r ' 

th . sv40 «rly pro.o*.r .n* =yt~.,.lovlru. (CKV, pronot.r 
„. y „. „..d. » p.rtioul.rly pr.f.r»d vir.l pro..t.r i. 
th. -Jor Ut. pr».t.r (MU>) fro. .d.»oviru.. 

Th. t»n.f.r ».ctor of th. pr...nt inv.ntlon 
inolud.. . hloh .fflcl.ntl» i«a« i—*ut.iy 
ao-n.tr... fro. th. tr.n.=ription.l pro~t.r. Pr.f.r»d 
l..d.r ..qu.no.. .r. vir.l l«d.r ..qu.no.. vhloh includ. 
th. ...novlru. fir.t l..d.r .nd th. .d.noviru. Ll-IX 
1-d.r, th. SV40 l..d.r .nd th. p.rv.viru. l..a.r. A 
p.rtl=ul.rly pr.f.rr.d !«*« .«P»no. 1. th. hl,h 
o«lol.noy vlr.l l«d.r, .d.noviru. trlp.rtit. l..«r 
(TPW • 

Th. pr...ne. of .ft tol.nt .pliolng < 5 
.nd J') th.t h.v. b..n fun=tlon.lly .hovn to p..tloip.t. 
1„ .n »XHA .pllcln, .v.nt ..y .1~ b. r.,uir.d. Pr.f.rr.d 
.plioln, «qu.no.. inolod. >■ ..nor .it., of .lth.r th. 
tir.t or th. third .^..nt of th. tr.p.rtlt. l..d.r .nd 
.ccptor .It. fro. .n iiuiunoqlobulin ..n«. 

*ith r.,.rd to th. poly.d.nyl.tion .it... it 
..... that . pl»r.llty of .it., i. pr.f«r.d in ord.r to 
,.n.r.t. th. hl,h..t po..ibl. l.v.1 of th. .ppropri.t. 
r.o«bin.nt profin.. Th. nu.b.r of .it.. «y v.ry fro. 
, to 5 but it would .pp«r th.t th. pr.f.rr.d nu.b.r of 
.it., b. >. Th. poly.d.nyl.tl.n .it.. th.t ..y b. oho..n 
tor u.. in th. tr.n.f« v.=tor of th. pr...nt inv.ntion 
„. y b. »l.et.d fro. but .r. not r..triot.d to th. ,roup 
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consisting of SV40 early or lata poly A signals, polyo-a 
aarly poly A, Ad5 haxon rnlWA poly A aignala and ft-globin 
poly A signal. 

Tha praferrad enhancer-like aaquanca to ba 
introduced in tha tranafar vector of the present invention 
i. . sequence normally located in the intron between the 
first and the aecond active sequence of the tripartite 
laader. In order to preserve the integrity of the 
tripartite leader, the enhancer-like sequence was 
relocated further downstream fro. its normal position. 
Preferably, the enhancer-like sequence is positioned about 
303 nucleotides further downstream from its normal 
position in the AdS genome. This relocation of the 
enhancer-like sequence relative to Its normal position in 
the Ad5 genome resulted in a 2 3 to 3 fold increa.e in 
recombinant protein expression whsn comparing a vector 
devoid of the enhancer-like sequence such as pAdBMl with 
a vector bearing the enhancer-like sequence downstream 
from the tripartite leader such as pAdBMS. The enhancer- 
like sequence is specifically exemplified at page 54 of 
Leong et al. (Journal of Virology, 1990, Vol. 64, No. 1, 
pp. 51-60, hereby incorporated by reference). It is 
possible that other enhancer-like sequences may be used at 
a similar position. It is also preferred to use a second 
enhancer-like sequence immediately upstream of the 
translation promoter. A preferred enhancer sequence is 
the BKV Dun enhancer eequence which is described in Berg 
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•t al., Huclelc Aclda Reeearch, Vol. 16, Mo. 18, 19*8, pp. 
9057, hereby Incorporated by reference. Teets have been 
conductad uaing an anhanear aequence upatraaa froa tha 
proaotar without an enhancing aaquanca batvaan tha 

5 tripartita laadar and tha cloning aita without noticing 
aubatantial improvement in axpraaaion yialda. Thia aay ba 
an indication that tha aacond enhancer-like aaquanca 
located upetraaa froa tha proaotar ia not abaolutaly 
required but doea not exclude the poaaibility of a 

10 eynergietic interaction between the two enhancer- like 
sequences. 

The transfer vector of the present invention haa 
wide application in tha conatruction of recombinant 
adenoviruaee for the production of recombinant proteine in 

15 mammalian cella. These applicationa include the 
production of commercial quantitiea of therapeutic and 
commercially important proteins. The vectora of the 
invention may be adapted to Include aequencea encoding 
proteins of interest and coding aequencea which enhance or 

20 enable the expression of biologically active proteine of 
intereat. It ia important to note that the tranacription 
of the foreign gene in the resulting recombinant 
adenovirus takes place in the opposite orientation from 
the overall direction of tranacription of the late 

25 adenovirua genome. Thia la required because it haa been 
ehown previouely in other adenovirua recombinanta that 
expreesion Jn the same orientation as tha overall 
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direction of tranacription can interfere with tha nornal 
•xpraaaion o£ othar adenoviral genea In tha downetreaa Bib 
rag Ion. 

Tha expreaeion vactora of tha praaant invantlon 
nay ba introduced into hoat calla by infaction uaing 
nathoda daacribad in tha prior art. An exaaple ia tha 
nethod daacribad by Laaarche at al. aupra. Varioue 
•anaalian hoat calla can ba uaad in tha context of tha 
praaant invention. Exa.pl.. of aanaalian calla includ. 
huaan calla and bovina calla. Suitabla aaaaallan call 
linaa includa tha 293 (ATCC 1573) call Una, or Hala and 
K562 call linaa aa wall aa darivativaa axpraaaing AdEl and 
iaolataa of thaaa call linaa, although it will ba obvioua 
to thoaa akillad in tha art that othar call linaa nay ba 
prafarrad for tha production of particular protaina. Tha 
hoat call lina ahould ba aalactad on tha baaia of ita 
ability to produca tha protain of intaraat at a high laval 
and/or ita auitability for vary apacif ic poat-tranaitional 
■odification of tha daairad protain. 

It waa found that whan ueing tha baat noda of 
tha tranafar vector of tha praaant invantion tha 
racoabinant adanovirua raplicatad efficiently to levela 
cloaa to 5 X 10 9 pfu/ml. It ia to ba noted that excesaive 
expreaeion levala may in aoae inatancea reduce the titer 
fallow acceptable levela. However, in the caao of Ad5HSV- 
K* and Ad5HSV-R2 reconbinanta that illuatrate preferred 
enbodiaenta of the preaent invantion, even though a 
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auction 1- tit« «. — — " ' — * - f r 
.^...ion l.v.» or th. profln.. th. r 

^ttv. tlt.r ... .till r-tln-ly .bov. » X 1. P«u/.l. 

. lwl which i. <« ^ ■° " P " dUOtl ° B - 

Ind .. d , th... two r.c«Mn.nt prot.in. h.v b..n 
...UUntl, producd in ,„ .«p.n.ion cultur.. in voXu... 
„ tupte! Ut.». H.nc. th. . W r...ion obt.ln.d with 
th. pr.f.rr.d vctor. of th. pr...nt in,.nti.n i. lih.l, 
t. b. clo.. to th. upp.r li-it of th. .y.t« «h.n h..rln, 
•C.1.-UP con.ld.r.tlon. in «ind. 

xn. following «™»i. l. P'ovio.= « ill-tr.t. 
r .th« th.n li.it th. .cop. of th. pr.«nt invntion. 



prodootlon of r.oo«bin.»t .d.»o»lr«.. 

xn. coding r.,lon of th. d..lr.d h.t.r.lo,ou. 
,.„. 1. flr.t clon.d in . tr.n.f.r ».ct.r .uch .. P»dBH» 
(or It. d.rivtlv.) .t th. uni,u. B..HI cloning .it.. 
down.tr... of th. .tron, Ada »i«r -f Pro-ofr. Th. 
conduction of vctor pAdMBl 1. d..crib.d in .t 
.1. .«pr.. ftgur. > d«on.tr.t.. th. production of 
t .co.hin.nt .d.no»ir». b.«d on tr.n.f.r vctor pAdBMl. 

Th. rvultin, r.«»bln.nt pl.»id L th.n 
r ..c».d into th. g.nov of th. .d.novlru. vctor 
MM,, by in vivc hcologou. r.c«bln.tlon b.t...n 
ovruppln, .«.u.nc. on th. lin..ri..d pl.»ld «* th. 
Ur,. r W t-.nd twt of th. »do ,.»«. cpon 
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cotranefaction of human 293f calls. Thia call Una 
..onatitutivaly axpraaaaa tha Ad5 El gene products which 
ara ossantial for tha halpar-fraa propagation of 
Ad5*El/*B3 darivad recombinante . Digeetion of Ad5*El/*F3 
S viral DNA with Cla I prior to tranafection allowa for 
obtantion of recombinant adanovirua at a fraquanca of 5- 
20%. 

conatruotion of adanovirua recombinant. 

1. Tha gene to axpraaa ia firat clonad in a 
10 tranefar vactor auch aa pAdBM-1 at tha uniqua BamHl 

cloning aita. Tha resulting recombinant plaaaid ia than 
raacuad into tha genono of tha adanovirua vactor 
Ad5AEl/*E3 by in vivo hoaologoua recombination between 
overlapping aaquencea on the linearised plaaaid and tha 
15 large right-end fragaent of -he AdS genoae. 

2. Preparation of pAdBMl tranafar plaaaid. 

20-50 »g of plaaaid DNA ia digested with Clal or 
EcoRI, extracted once with but f er-aaturated phenol and 
chloroforn/iaoamyl alcohol (24:1). precipitated with 2.4 
20 volumes of ethanol and resuspended in 50 pi of sterile TE 
1/10. The concentration of the linearised pleaaid ia then 
estimated in an agaroae gel. 

3. Preparation of AdS*El/*I3 viral DMA. 

1. 293 cells infected with Ad5*El/*E3 at a n.o.i. 

25 of 5-10 are harvested 40-48 h post- infection, washed twics 
with cold PBS and reauapended in 10 mM Trie pH 7.9 (2 
voluaea per volume of cell pellet). 
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a . The c«ll pallet ia than freeae-thawed 3 tiaee to 

raleaea Intracellular viral particlaa, and axtractad with 
1,1,2-tricblorotrifluoroethana (fraon) aa follow: (all 
•tepa on ica) . Mix an aqual voluae of call auapanaion and 
fraon and bland in an oaniaixer at full apaad for 2 «in. 
Spin at 2K for 15 .in., collact top pha.a (aquaoua) and 
raaxtract tha fraon phaa. twice with tha eaae voluae of 
buffar (10 nM Tria pH 7.9). 

3. Tha viriona ara purified through 2 conaecutive 

Cad gradianta. 
1) fitflr gradlant 

in SH 27 calluloaa nitrata tubea, pour 8 al of 
CaCl 1.4 (53 gr + 87 al of 10 aN Tria pH 7.9) and vary 
gantly on top pour 56 al of CaCl 1.2 (28.8 gr + 92 al of 
10 »K Trie pH 7.9). Tha aquaoua phaae containing tha 
viriona ia than loaded on top of the diacontinuoua 
gradient (up to 22 el/tube) . 

Centrifuge at 23K for 90 ain at 0»C. 
collect the virua band by aide puncture. Dilute 
1/2 in 50 BW Trie pH 7.5, 1 »M EDTA. 
M eontlnUPV" pradiant 

Ueing a gradient aaker, pour continuoua CaCl 
gradient in SW27 celluloae nitrate tubea uaing 12 »1 of 
CaCl 1.4 and 14 al of CaCl 1.2. Load 8-10 al of tha 
diluted virua auapanaion on top very alowly. 

centrifuge at 23k for 16-20 hra at 0«C. 
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Collect the vlrue band by aide puncture and 
dieliac .g«in-t 100 voluaee of 10 a* Trie pH 7.9, 1 «M 
EDTA (3 changee) and finally againet 100 wH Tri. P H 8.5 1 
«M EDTA. 

m P^i^itm nf adLnOaia txsm vlrloni 

incubata at 37»C for 2 hr« with ealf-digeeted 
proneee at a final concantration of 1 mg/»l and 6D8 0.5%. 

Add HaCl to a final concantration of 100 nM, 
axtract twica with buf far-aaturatad phenol, ona with 
chlorofora/ieoaayl alcohol (24 «1) and pracipitata with 2.5 
voluaee of athanol. 

4. Ad5*El/AE3 ia digaatad with an axceee of Clal 

(.ap unit 10) to ■inimiae tha fraction of undigaatad viral 
geno.ee ainca thay rapraaant tha background noiaa in tha 
aeraaning of recombinant viruaaa. 

Typically, 5 unita of Clal/«g of viral DNA ara 
addad for 3 conaacutiva incubationa of 1 hr at 37-C. 

An aliquot of tha praparativa digaation ia 
furthar digeeted with jlindlll and analyaad by comparing 
tha raatriction pattern with tha pattarn obtained upon 
digaation with Hindlll alone. If the Clal digeatlcn ia 
incoaplete, repeat the preceding atep. 

Clal-cut Ad5*El/*E3 DHA ia then extracted once 
with buffer-aaturatad phenol end chlorofora/ieoamyl 
alcohol (24:1), precipitated with 2.5 volumee of athanol 
end reauapended in 50 «1 of eterile TE 1/10. The 
concentration ia eetimated in an agaroee gel. figure 4 
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illustrates tha aapa of both recombinant transfer vectore 
pAdBKl and pAdBMS • 

4. Tranaf eetioa of 293 oalla to generate Ads 
recombinants. 

5 l. 293 are platad in 60 ma-diameter diahaa at 1.0 

X 10* ealla/al ona day prior to tranaf action (in DMEK 
10% FBS ♦ antibiotica) . 

2. S M9 of tranaf ar plaeaid (linearized with Clal 
or EcoRI) containing tha gene to axpraaa ia aixad with 5 

10 M9 of Clal-cut Ad5*El/*B3 viral DHA and tranafactad onto 
aub-confluant 293 calla uaing tha atandard calciua 
phoaphata tachniqua. 

3. Aa a control for tha tranaf action, 1 jig of 
AdS* El /a E3 viral DMA + 9 jig of carriar DMA ia alao 

15 tranafactad. Thia ehould yiald more than 100 plaquaa. 

4. After overnight incubation, tha DNA-calciun 
phoaphata co-precipitate ia removed, the cells monolayer 
washed once with EGTA 1 aM in PBS and twice with PBS and 
splitted into 3 X 60 aa-diaaeter dishes. 

20 5. After 4-6 hrs, the mediua ia removed and the 

cell aonolayers are overlayed with Seaplaque agarose 1% 
(mix agarose 5% 1:5 with DMEK ♦ 10% FBS + antibiotics). 
6. Viral plaques (usually 20-60) that appear 

between days 5 and 15 post-trans feet ion are picked (as 

25 agarose plugs) and grown on 293 cells into 24 wells platas 
(5 X 10 4 cells/well). (Coaplete CPE ia obtained in 3-7 
days) . 
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i. screening and purification of Adl recombinants. 

1. Viral DMA fron- 200 Ml of lysata for oach 
individual plaque is axtractod with 10 Ml of 10% SD8 and 
10 Mi of prona.e (20 ng/nl) incubatod at 37-C for 2 hr.. 

2. Tha DMA ia than danaturad by adding 40 Ml of 1M 
NaOH (incubatad at R.T. for -10 »in.) and nautrali.ad by 
adding .aquantially 40 Ml of IM Trie pH 7.5 and 40 Ml of 
1M HC1. 

3. Tha DMA is finally put on a hybridisation 
eenbrane uaing a dot blot apparatus and soraan with tha 
appropriata proba following atandard procaduras. 

4. positlva plaqua iaolatas ara taatad for 
expression 2 of tha bast clones ara furthar plaqua 
purifiad twioa. 

f . Plaqua assay. 

1. Tha day bafora, 293 calls ara sssdsd at 5 X 10 
calla/60 m» plata) . 

2. viral lyaataa ara dilutod into complatad eediue 
up to 10" 7 and tha laat 3 dilutions <10 -5 , 10 -6 , lo" 7 ) ara 
uaad to infact 293 calls (0,5 »1 /60 an plats, for 60-90 
sin). 

3. Tha diluted lyaatas ara ramoved and tha 
nonolayers overlays* with 5 si of agarosa 1% (mix agarose 
1:5 with DMEM + 10% FBS + antibiotics). Plaquaa appaarad 
within 5-10 days. 

A noval Ad expression transfer vector, pAdBM5, 
that allows for tha production of unprecedented levela of 
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recombinant protein using tha Ad axpraaaion ayataa has 
been daacribad. High lavala of axpraaaion vara obtainad 
by relocsting tha enhancar-like aaquanca in tha intron 
locatad between activa aaquences 1 and 2 of tha tripartita 
leader, aa ahown in Figura 2. It waa ehown that in human 
293 calla infactad with halpar-fraa Ad recombinants 
ganaratad with pAdBMS tranafar vector, tha recombinant 
protain rapraaanta tha Boat abundant polypeptide, avan 
axcaading tha laval of tha moat abundant viral lata 
protain, tha haxon. Figura 5a illuatrataa tha anhancad 
production of tha recombinant protain in pAdBMS. 

Furthermore, it eaema that tha actual laval of 
axpraaaion obtainad with pAdBMS darivad recoabinanta Ad is 
probably vary closa to tha uppar limit of tha ayataa. 
First, from tha laval obtainad with tha praviously 
raportad tranafar vactor pAdBMl (Lamarcha at al. supra) in 
tha ranga of 4% of total callular protaina, for both HBV 
Rl and R2 genea, up to 3 Cold increaaa has baan obaervad 
laading to lavala aa high as 20% of total callular 
protains, as shown in Figuraa 5a and b. Thia laval is 
highar than tha maximum obtainad for tha haxon (16%, aaa 
Figura l) in 293 calla Infactad with Ad5*/*E3 virua that 
do not axprass foreign protain and suggests that in pAdBM5 
derived Ad recombinant tha vary high production of the 
recombinant protein takes place at tha expense of the Ad 
abundant late proteina. Conaietent with thia 

interpretation ia tha obssrvation that tha titers of the 
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recombinant viruses are eignif leant ly reduced, although 
not to the extent that the large ecale production of 
recombinant protein with the Ad expreaeion system ia 
affected. 

5 caMtmatlnn of laoi-ai fusion protein vector 

The HSV2-R2 coding region waa axpreaaed under 
the control of the lac promoter aa a fuaion protein 
containing 6 additional amino acid reaiduee derived from 
the lacZ gene uaing the following cloning strategy: 

10 1. A 2.7 kb (Bgl II-Pst I) fragment containing the HSV2- 
R2 coding region waa f irat cloned into the polylinker aite 
of pUCt between the Baa HI and Pat I aitaa. 
2. The S60 bp (EcoR i-Bam KZ) fragment at the 3' and of 
the R2 gene waa delated and the vector self-ligated with 

13 the appropriate Baa HI linker to yield pHD2. The plaaald 
la ahown in Figure 6. 

CQBitrygtion at aigjati for mtDintlp. M MBXtiaiM 

In order to produce large amount of authentic R2 
protein, the R2 coding region waa inaerted into 3 
20 expression vectors aa depicted: 

1. pGEMtac, an B. coll expreseion vector ueing the atrong 
tac promoter. 2 constructions were generated in which the 
spacing between the Shlne-Oelgarno motif and the R2 
initiator ATG waa 8 bp (Bgl II-BcI I) or 13 bp (Bel I-Bcl 

25 X) respectively. 

2. PaC373I, an optimized baculovirus transfer vector, 
derived from pAc373, which usee the etrong polyhedrin 
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prow>t.r and contain. th. ccpl.t. polyh.drln l.ad.r 
••qu.no. up.tr.a. of th. uniqu. Bam HI cloning .it.. To 
g.n.rat. raccbinant baculoviru., P Ac373I-R2 v.. r..cu.d 
into th. g.no«. of Autograph, cali/omic. nuclaar 
polyh.dro.i. viru. by in vivo htmologou. r.co«bin.tion 
upcn cotran.f.ction with wild typ. AcMPV DMA into 819 
in..ct c.11.. 

3. pAdBMl, an ad.noviru. tran.f.r v.ctor which u... th. 
•trong Ad2 major lat. pro.ot.r (HLP) .nd contain, th. 
ad.noviru. tripartita Uad.r and a .pile, junction 
up.tr.aa of th. uniqu. Ban Ml cloning .it.. To g.n.rat. 
r.coabinant ad.noviru., pAdBMl-R2 wa. raacu.d into th. 
g.m». of th. .d.noviru. v.ctor Ad5aBl/*B3 by in vivo 
hcologou. r.cotAination batw..n overlapping .aqu.nc.a on 
th. lin.ari*.d plaa.id.nd th. l.rg. right-.nd frag».nt of 
th. Ad5 g.no«a, upon cotr.n.f.ction of hunan 293 c.11.. 
A .i»ll« procdur. wa. r.p.at.d to yi.ld pAdBM5-R2. 

Figur. 7 illu.trat.. pGEMtac-R2, P Ac3731-R2 and P AdBMl-R2 

(pAdBM5-R2 i. now shown). 

E. coll (.train JA221) containing th. R2 
•xpr...ion pla.»id. pMD2 or pGa.tac-R2 war. grown to an 
00 of 2.0. Prc'c.in .xtract. war. pr.par.d ....ntially 
a. 5 d..crib.d by lng.xnar.on .t .1. in 1989, Journal of 
Virology, 63, pp.1 37«9-3776, h.r.by incorporat.d by 
r.far.nc. Bri.fly, th. bact.ria w.r. wa.h.d in 25 wM 
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HEPES (pH 7.6), resuBpended in the aaae buffer to an 00 S9Q 
of 200, than freeze in liquid nitrogan and thawad on ica. 
Kd, PMSF and egg white lyeoayae vara addad to final 
concantationa of 80 «M, 1 a* and 300 »g/»l, reapectively, 
and tha aixture vaa ineubatad on ica for 20 ain. Aftar 
another cycla of freeilng and thawing, call dabria were 
reaoved by cantrifugation at 44,000 g for 80 sin at 4*C. 
tha aajor part of tha eupematant (cruda extract) waa 
frozen until furthar purification, A minor fraction waa 
paaaad onto a wall Saphadax C-25 column to remove RR 
inhibitory aoleculee and analyaad for R2 raductaaa 
activity. 



Bubconfluant 293 calls (1.0 X 10 8 ) in 050 c« 2 
rollar bottla wara infactad with Ad5BMlR2 or Ad5BM5R2 at 
10 PFU/cella. Tha calls wara harvaatad, usually 48 h., 
p.i., waahed twica with PBS, pallatad and raeuapended in 
50 *M HEPES (pH 7.8) with cold 2 mM DTT. Proteina wara 
extracted by sonication and inaoluble materiale wara 
removed by cantrifugation at 12,000 g for 10 ain. A 
fraction of thia cruda axtract <G-25-traated) waa sava to 
aeaaure R2 activity and tha raaaindar furthar purified. 



Sf9 cella were grown in auapenaion at a denaity 
of 2 X 10 6 cellr./ml and Infected with the recombinant 
baculovirua BacR2 at 10 PFO/cell. 48 h., p.i., cells were 
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harveeted and protein extracts war* prepared aa daacribad 
abova for tha recombinant adanoviruaaa . 
gUrilifiltioj arntala 

Tha firat atap of purification conaiata of 2 
aucceeaive aalt pracipitationa. rirat, etreptoaycin 
aulfata waa aided to tha cruda axtract to a final 
concantration of 1%. Aftar 1 h. of atirring at A*C, tha 
auapanaion waa centrituged at 12,000 g for 20 aln to 
raaova tha praoipitatad nuolaio aoida. Than, aaaoniua 
aulfata waa addad to obtain 30% of aaturation for tha E. 
eoli extracta and 60% for tha eukaryotic call extracta. 
Aftar 30 ain of atirring at 4*C and cantrifugation aa 
abova, tha pallat waa diaaolvad in 50 wM HEPES (pH 7.8), 
2 bM DTT (buffar A) and dialyaad againat tha aaaa buffer. 

Aa aaoond atap, ar anion axchanga chroaatography 
waa performed aaaantially aa daacribad by LanJcinan at al. 
in Journal of Ganaral virology, 1991, Vol. 12, pp. 1383- 
1392, hereby incorporated by reference. Briefly, after 
the aaaoniua aulfata precipitation, tha eupernatant waa 
dialyzed overnight againat two changea of 20 *M BiaTria- 
HCl, pH 5.8 and 10% glycerol. The precipitate was removed 
by centrifugation at 24,000 g for 40 ain at 4»C. Tha 
eupernatant waa then loaded onto an FPLC anion exchanger 
MonoQ hr 10/10 coluan (Pharmacia) and R2 protein waa 
eluted with a gradient of KCl. Fractiona containing the 
R2 protein were concentrated by ultrafiltration uaing 
Centriprep-10 (Aaicon) and waehed twice with buffer B 
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confining 10% glycerol. Prof in R2 conc.ntr.tion in th. 
purifi.d fraction. «.. maa-ured by th. Cooma.aie bl«. 
■athod of Bradford da.cribed in Anal. Blochem., 1976, Vol. 
72, p. 248, h.r.by incorporate by r.f.r.nc. and with an 

. of 52,000 K-W 1 for th. nearly homogeneou. 

6 280-310 

preparations. 

H8V R2 protein producd by th. four .xpr...ion 
vector. r.f.rr.d to pr.viou.ly i. .hown in Figur. 8. Th. 
prot.in. pr...nt in th. crud. .xtract. (lan.. 1. 4 and 9), 
aft. r th. ammonium .ulf.t. precipitation (lane. 2, 5, 7 
and 10) .nd aft.r th. FPLC column (lan.. 3, 6, 8, 11 and 
12) w.re ..parated by SDS-PAG* and the g.l v.. .t.in.d by 
Coo»..i. blue. The total .mount of protein loaded in 
each track are given in jig at th. top of th. figur. .nd 
al.o th. conc.ntr.tion of R2 prot.in .xpr....d aa 
parentage of th. total amount of protein. R«ult. ar. 
•hown in Figur. 8 and in T.bl. 1. 

R2 r«ducta.. .ctivity w.. d.t.rmin.d in th. 
presence of exc... amount, of th. H8V2 Rl aubunit 
.xtractad from 293 c.11. infefd with a recombinant 
adenoviru. .xpr...ion vctor (Rl . P .cific activity, 100 
U/mg). Reductase activity wa. measured by monitoring the 
reduction of [ 3 H)CDP a. previously r.port.d in Lamarcha at 
al. .upra. The atandard reaction mixture contained 50 mM 
HEPES , P H 7.8, 4 mM NaF, 50 mM DTT, 50 MM CDP, and 0.25 
„ci of ( 3 H)CDP. One unit of ribonucleotide reductaae waa 
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d.fin«d a. the a«ount of en.yae subunit generating 1 naol 
of dCTP/h under the standard aaaay condition. 

Tha »ain conclusion of tha praaant work ia that 
th. HSV-2 R2 protein producad by tha two eukaryotic 
ay.teaa ia 3 fold .ore activa than tha protain producad by 
B. coll. Thia is particularly striking fro. tha 
cospariaon of tha ..an valuaa obtainad fro. six diffarant 
•»oniu. sulfata pr.paration. of pMD2 R2 (3.220 V/wq of 
R2) and of AdSBMS R2 (10,750 U/.g of R2 ) . Pr.li.inary 
rasults on tha «aaaura«.nt of raductasa activity of 
authantic R2 protain producad in E. coli by our pGEMtac 
vactor indicatad that thia protain axhibita an activity 
aiailar to tha ona of tha R2 fusion protain. Therefore, 
it appaars unlikaly that tha praaanca of tha axtra 6 asino 
acids on thia protain ia raaponsibla for its lowar 
activity, inafficiancy of B. eoloi for tha ganaration of 
tha fraa tyrosil radical or so.s important post- 
radiational sodificationa could account for tha lowar 
activity. 

Tha rasults alao showsd that tha bactarial 
syste. with its high lsval of axprassion facilitate tha 
purification of R2 protain: nearly hoaogeneoua 
preparation* can easily be obtained by a 2-step procedure. 
Nhen applied to the adenovirus rscosbinant R2, the ea.e 
procedure yielded preparations that ware enriched to only 
50-60% with pAdBMl derived recombinants but to ovsr 95% 
with P AdBM5 dus to its highsr production levels. 
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1. A racoabinant transfer vector for 
introducing a ONA aequence encoding a racoabinant protaln 
into an adanovirua genone, aaid tranafar vactor including 
an axpraaaion caaaatta coapriaing aequentially a 
transcription proaotar, a high af f iciancy leader, at laast 
ona splicing signal, an enhancer-like aequence, a cloning 
aita and a plurality of polyadanylation aitaa. 

2. An adanovirua tranafar vactor having tha 
structura of vactor pAdBMS shown in Pigura 4. 

3. A racoabinant adanovirua sxpraaaion vactor 
capabla of axpraaaing a DMA saquanca encoding a 
racoabinant protain in aaaaallan celle, aaid axpraaaion 
vactor being an adenovirus ganoae comprising a DNA 
saquanca encoding a racoabinant protain and a DNA aequence 
coapriaing sequentially e tranacription promoter, a high 
efficiency leader, at leaat ona aplicing aignal, an 
enhancer-like aequence, a cloning site and a plurality of 
polyadanylation aitaa. 
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